INTRODUCTION
============

Total hip arthroplasty (THA) aims to minimize pain and improve hip joint function, and is considered one of the most effective surgeries in terms of improving patients\' quality of life[@B1]. Data published in the literature demonstrate its increasing use in the last decades, and it is estimated that this trend may grow due to its expanding indications and population aging[@B2].

Periprosthetic joint infection is one of the most feared complications of THA and is associated with significant morbidity and high costs of treatment. Several precautions have been proposed to reduce this complication, such as use of pulsatile lavage systems, operating rooms with laminar airflow, body exhaust suits ("space suits") and topical use of antibiotics[@B3] ^--^ [@B5]. In 2009, Cavanaugh et al.[@B6] demonstrated in an in vivo investigation a lower infection rate in orthopedic surgery by the combined use of parenteral cefazolin and topical gentamicin, compared to parenteral cefazolin alone. Motivated by their investigation, we started using topical gentamicin in all THA patients in our hospital.

Our aim is to determine if topical use of gentamicin reduces the periprosthetic joint infection rate in the primary THA, by comparing the infection rate in the period when we used parenteral cefazolin alone as antibiotic prophylaxis, with the most recent period when we started using topical gentamicin in addition to parenteral cefazolin.

MATERIALS AND METHODS
=====================

This is a comparative retrospective cohort study. The study was performed following the principles of the Helsinki Declaration of 1995 and was approved by the Research Ethics Committee of the institution where it was conducted (approval number 2,462,571; January 9th, 2018).

Patient selection
-----------------

We included all patients who had undergone primary THA during a period of 102 months (8.5 years) in a single hospital, with a minimum postoperative follow-up time of one year and complete clinical, laboratory and radiological documentation. Of a total of 464 primary THA performed in the period, 433 met these requirements. There were no restrictions for inclusion of patients in the study with regard to age, gender, ethnicity, comorbidities, indication for arthroplasty or previous surgeries.

Patients operated on during the first 59 months of the study period used intravenous cefazolin alone as antibiotic prophylaxis (263 hips, Cef group). Patients operated on during the following 43 months of the study period used intravenous cefazolin and topical gentamicin as antibiotic prophylaxis (170 hips, Cef + Gen group).

Data collection and outcomes definition
---------------------------------------

Data collection from medical records was performed by three authors who were not involved in the treatment of patients. Collected data included patients\' gender and age, indication for surgery, type of prosthesis, operative time, occurrence of periprosthetic joint infection and the germ that caused it.

The diagnosis of periprosthetic joint infection was based on the Centers for Disease Control and Prevention (CDC) criteria[@B7], which define that infection is present when, within one year after surgery, there is at least one of the following findings: purulent drainage from a drain that is placed through a stab wound into the joint; organisms isolated from an aseptically obtained culture of joint fluid or tissue; an abscess or other evidence of infection involving the joint on direct examination, during reoperation, or by histopathologic or radiologic examination; diagnosis of joint infection performed by a surgeon or attending physician.

Surgical technique, antibiotic prophylaxis and postoperative care
-----------------------------------------------------------------

All patients were operated on by the hip surgery team of the university hospital where the study was performed, using a standardized surgical technique.

When necessary, hair removal in the incision area was performed in the operating room with an electric clipper. Skin preparation was carried out with 10% povidone-iodine-alcohol solution, and an iodine-impregnated incision drape (Ioban®, 3M, St. Paul, MN, USA) was used in the incision area. Patients were positioned in lateral decubitus and surgeries were performed by the direct lateral approach with a 12 to 15-cm long incision. The choice of implant (cemented, hybrid or uncemented) was at the discretion of the surgeon in charge and was based on criteria such as patients\' age, bone quality and proximal femoral morphology. Polymethylmethacrylate bone cement used in cemented and hybrid prostheses was always standard, i.e., without antibiotics. The bearing surface used in all cases was highly cross-linked polyethylene/metallic head.

Antibiotic prophylaxis in Cef group was performed with 2g of cefazolin administered by intravenous (IV) injection approximately thirty minutes before the surgical incision and maintained in the postoperative period at a dose of 1g IV every eight hours until completing 48 hours. In Cef + Gen group, in addition to the IV cefazolin in the same protocol as described above, we sprinkled an ampoule of 80mg of liquid gentamicin with a syringe into the surgical wound, immediately before its closure ([Figure 1](#f1){ref-type="fig"}). The postoperative rehabilitation protocol was usually initiated the day after surgery, with isometric exercises and active hip mobilization; gait training was initiated on the second postoperative day. As a general rule, patients were discharged on the third or fourth postoperative day, with information on wound care and suture removal between 10 and 14 days after surgery. Thromboprophylaxis was carried out with compressive elastic stockings and 5,000 IU of unfractionated heparin every 12 hours subcutaneously, for four weeks. All patients were followed up postoperatively for clinical and radiographic assessment at one month, two months, six months, twelve months and annually thereafter.

![Liquid gentamicin sprinkled directly into the surgical wound, immediately before its closure.](1809-4406-aob-27-04-0197-gf01){#f1}

Statistical analysis
--------------------

Data sets were evaluated by means of a descriptive statistics, in which it was possible to characterize the cohorts regarding the variables collected. Data were submitted to Fisher\'s exact test to evaluate the association between categorical variables, and to Student\'s t-test for comparison of quantitative variables.

All statistical analyses were performed using SAS® statistical software (version 9.4, SAS Institute Inc., Cary, NC, USA). Statistical significance was set at p\<0.05.

RESULTS
=======

Demographic and surgical data are presented in [Table 1](#t1){ref-type="table"}. Statistical analysis found that distribution of the variables gender, indication for surgery and type of prosthesis, as well as mean age were similar between the groups. Mean operative time presented a significant difference between groups, being higher in Cef group (p=0.002). Periprosthetic joint infection occurred in thirteen hips in Cef group (4.9%) and in eight hips in Cef + Gen group (4.7%). There was no significant difference between these rates (p=1.0; [Table 2](#t2){ref-type="table"}).

###### Demographic and surgical characteristics of patients.

  ---------------------------------------------------------------------------------------------------------------------------------
  Variable                          Cef group                 Cef + Gen group           p-value
  --------------------------------- ------------------------- ------------------------- -------------------------------------------
  Gender male / female\             137 / 126\                94 / 76\                  p[\*](#TFN2){ref-type="table-fn"}=0.55
  (percentage)                      (52.1% / 47.9%)           (55.3% / 44.7%)           

  Mean age in years\                64.7\                     63.9\                     p[\*\*](#TFN3){ref-type="table-fn"}=0.26
  (range; SD)                       (34 − 81; 6.9)            (30 − 82; 8.8)            

  Indication for surgery                                                                

  Prim OA / Sec OA / FNF\           181 / 65 / 17\            108 / 50 / 12\            p[\*](#TFN2){ref-type="table-fn"}=0.49
  (percentage)                      (68.8% / 24.7% / 6.5%)    (63.5% / 29.4% / 7.1%)    

  Type of prosthesis                                                                    

  cem / hyb / uncem\                47 / 114 / 102\           23 / 67 / 80\             p[\*](#TFN2){ref-type="table-fn"}=0.19
  (percentage)                      (17.9% / 43.3% / 38.8%)   (13.5% / 39.4% / 47.1%)   

  Mean operative time in minutes\   135.9\                    129.9\                    p[\*\*](#TFN3){ref-type="table-fn"}=0.002
  (range; SD)                       (90 − 190; 17.6)          (85 − 210; 21.1)          
  ---------------------------------------------------------------------------------------------------------------------------------

SD: standard deviation; Prim OA: primary osteoarthritis; Sec OA: secondary osteoarthritis; FNF: femoral neck fracture; cem: cemented; hyb: hybrid; uncem: uncemented;

Fisher\'s exact test;

Student\'s t-test.

###### Periprosthetic joint infection rate in the groups.

  Group       Infection     p-value[\*](#TFN4){ref-type="table-fn"}   
  ----------- ------------- ----------------------------------------- -----
  Cef + Gen   162 (95.3%)   8 (4.7%)                                  1.0
  Cef         250 (95.1%)   13 (4.9%)                                 

Fisher\'s exact test.

The germs that caused infections in Cef + Gen group were *S. epidermidis* (two cases), *E. cloacae* (two cases), *S. aureus* (one case), *P. aeruginosa* (one case), *A. baumannii* (one case) and *S. agalactiae* (one case). In Cef group, the germs were *S. aureus* (four cases), *S. epidermidis* (three cases), *E. coli* (two cases), *S. haemolyticus* (one case), *P. mirabilis* (one case), *E. cloacae* (one case) and *P. aeruginosa* (one case). Thus, there was a predominance of infections caused by Gram-negative germs in Cef + Gen group and a predominance of infections caused by Gram-positive germs in Cef group, but without significant difference ([Table 3](#t3){ref-type="table"}).

###### Germ distribution in the groups.

  Group       Germ        p-value[\*](#TFN5){ref-type="table-fn"}   
  ----------- ----------- ----------------------------------------- ------
  Cef + Gen   5 (62.5%)   3 (37.5%)                                 0.39
  Cef         5 (38.5%)   8 (61.5%)                                 

Fisher\'s exact test.

In Cef + Gen group, mean operative time for patients who developed periprosthetic joint infection was 165 minutes, but for those who did not develop periprosthetic joint infection was 128.2 minutes, demonstrating a significant difference (p\<0.0001). The same pattern was observed in Cef group, where the mean operative times for patients who developed and did not develop periprosthetic joint infection were respectively 157.3 minutes and 134.8 minutes (p\<0.0001). Likewise, comparison of the mean operative time for all cases who developed and did not develop periprosthetic joint infection, without distinction between groups, presented significant difference (160.2 minutes and 132.2 minutes, respectively; p\<0.0001). The data are shown in [Table 4](#t4){ref-type="table"}. There was no association between the type of prosthesis and periprosthetic joint infection, either in Cef + Gen group (p=0.16) or in Cef group (p=0.75). Analysis of this association in all cases, without distinction between groups, also did not present statistical significance (p=0.27). The data are shown in [Table 5](#t5){ref-type="table"}.

###### Association between operative time and periprosthetic joint infection.

  ------------------------------------------------------------------------------------------------------------------------------------------------------
  Group       Infection   n                         Mean operative time in minutes\   Difference in minutes\   p-value[\*](#TFN7){ref-type="table-fn"}
                                                    (range; SD)                       (95% CI)                 
  ----------- ----------- ------------------------- --------------------------------- ------------------------ -----------------------------------------
  Cef + Gen   No          162                       128.2 (85 − 175; 19.2)            36.8\                    \<0.0001
                                                                                      (23.9 − 49.6)            

  Yes         8           165 (130 − 210; 27.9)                                                                

  Cef         No          250                       134.8 (90 − 190; 16.7)            22.5\                    \<0.0001
                                                                                      (12.4 − 32.5)            

  Yes         13          157.3 (120 − 190; 21.1)                                                              

  All cases   No          412                       132.2 (85 − 190; 18)              28\                      \<0.0001
                                                                                      (19.9 − 36.1)            

  Yes         21          160.2 (120 − 210; 23.5)                                                              
  ------------------------------------------------------------------------------------------------------------------------------------------------------

n: number of cases; SD: standard deviation; 95% CI: 95% confidence interval;

Student\'s t-test.

###### Association between type of prosthesis and periprosthetic joint infection.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
               Cef + Gen\                                      Cef\                                            All\                                                               
               group                                           group                                           cases                                                              
  ------------ ----------------------------------------------- ----------------------------------------------- ----------------------------------------------- -------- --------- --------
               No\                                             Yes\                                            No\                                             Yes\     No\       Yes\
               (%)                                             (%)                                             (%)                                             (%)      (%)       (%)

  Cemented     20\                                             3\                                              44\                                             3\       64\       6\
               (87%)                                           (13%)                                           (93.6%)                                         (6.4%)   (91.4%)   (8.6%)

  Hybrid       65\                                             2\                                              108\                                            6\       173\      8\
               (97%)                                           (3%)                                            (94.7%)                                         (5.3%)   (95.6%)   (4.4%)

  Uncemented   77\                                             3\                                              98\                                             4\       175\      7\
               (96.2%)                                         (3.8%)                                          (96.1%)                                         (3.9%)   (96.2%)   (3.8%)

               p-value[\*](#TFN8){ref-type="table-fn"}: 0.16   p-value[\*](#TFN8){ref-type="table-fn"}: 0.75   p-value[\*](#TFN8){ref-type="table-fn"}: 0.27                      
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fisher\'s exact test.

Regarding the association between indication for surgery and periprosthetic joint infection, there was no statistical significance in Cef + Gen group (p=0.06), but statistical significance was found in Cef group, with femoral neck fracture cases presenting a higher infection rate (p=0.02). Analysis of this association in all cases, without distinction between groups, also presented statistical significance and, once again, femoral neck fracture cases presented the highest infection rate (p = 0.003). The data are shown in [Table 6](#t6){ref-type="table"}.

###### Association between indication for surgery and periprosthetic joint infection.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
            Cef + Gen\                                       Cef\                                             All\                                                                  
            group                                            group                                            cases                                                                 
  --------- ------------------------------------------------ ------------------------------------------------ ------------------------------------------------- --------- --------- ---------
            No\                                              Yes\                                             No\                                               Yes\      No\       Yes\
            (%)                                              (%)                                              (%)                                               (%)       (%)       (%)

  Prim OA   105\                                             3\                                               176\                                              5\        281\      8\
            (97.2%)                                          (2.8%)                                           (97.2%)                                           (2.8%)    (97.2%)   (2.8%)

  Sec OA    47\                                              3\                                               60\                                               5\        107\      8\
            (94%)                                            (6%)                                             (92.3%)                                           (7.7%)    (93%)     (7%)

  FNF       10\                                              2\                                               14\                                               3\        24\       5\
            (83.3%)                                          (16.7%)                                          (82.4%)                                           (17.6%)   (82.8%)   (17.2%)

            p-value[\*](#TFN10){ref-type="table-fn"}: 0.06   p-value[\*](#TFN10){ref-type="table-fn"}: 0.02   p-value[\*](#TFN10){ref-type="table-fn"}: 0.003                       
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Prim OA: primary osteoarthritis; Sec OA: secondary osteoarthritis; FNF: femoral neck fracture;

Fisher\'s exact test.

DISCUSSION
==========

It is estimated that the cost of treatment of a periprosthetic joint infection is four to five times higher than the cost of an uncomplicated primary arthroplasty[@B8] ^,^ [@B9]. In addition to the direct financial impact associated to the treatment of an infected THA, there are indirect impacts related to loss of patients\' productivity. Even with successful treatment, patients often require 6 to 18 months to recover the function they had before the onset of infection, and in some cases the patient may never recover the same functional levels[@B10]. The criteria used for the diagnosis of periprosthetic joint infection in this study were proposed by the CDC[@B7] in 1992 and are used in the literature until the present time[@B11] ^--^ [@B13]. More recently, in 2013, the Musculoskeletal Infection Society (MSIS) published an international consensus for the diagnosis of periprosthetic joint infection[@B14]. We did not use the MSIS criteria in this study because a significant part of our series had been operated before 2013 and, at that time, we had not yet incorporated all the laboratory tests proposed by this international consensus for the investigation of periprosthetic joint infection. It is interesting to note that Honkanen et al.[@B15] recently compared the concordance between these two sets of diagnostic criteria in a tertiary orthopedic hospital and reported that 18% of the arthroplasties diagnosed as infected according to the CDC criteria were not considered infected according to the MSIS criteria, demonstrating that the old criteria may overestimate the real rate of periprosthetic joint infection or that the new criteria may underestimate it.

The periprosthetic joint infection rate in primary THA in our hospital are within the values reported by other Brazilian authors, ranging from 0.98% to 6.5%[@B11] ^,^ [@B16] ^--^ [@B18], but are above the rates reported by North American and European authors, ranging from 0.3% to 2.3%[@B4] ^,^ [@B9] ^,^ [@B19]. Besides possible factors directly related to the patient, the fact that we do not use body exhaust suits and the circulation of several persons in the operating room, typical of a teaching hospital such as ours, may be factors related to these higher rates[@B20].

Topical use of antibiotics in orthopedic surgeries can be accomplished by adding it to irrigation solution, bone grafts, bone substitutes, bone cement or by applying it directly to the operative wound in the form of powder or liquid, as in our case. Our results demonstrated that there was no reduction of periprosthetic joint infection rate in primary THA with topical use of gentamicin in the operative wound.

From a theoretical point of view, topical use of antibiotics in orthopedic surgeries is an interesting strategy, because it provides high concentration of the antibiotic at the surgical site, with fewer systemic adverse effects. This strategy has been studied for several years, with conflicting results. In 2011, O\'Neill et al.[@B21] and also Sweet, Roh and Silva[@B22] reported a reduction in the surgical site infection rate with topical application of vancomycin powder in patients submitted to spinal arthrodesis. Parvizi et al.[@B4] reported that the use of antibiotic-impregnated cement reduces the rate of periprosthetic joint infection by approximately 50% in primary THA. Romanò et al.[@B23] in a multicenter study demonstrated a reduction in the rate of periprosthetic joint infection in THA with application of an antibiotic-loaded hydrogel coating onto the surface of the implants. Evidence on the efficacy of topical use of vancomycin[@B24] and gentamicin[@B6] to reduce the surgical site infection rate in orthopedic surgeries has also been found in animal models. On the other hand, Tubaki, Rajasekaran and Shetty[@B25] in 2013 found no reduction in surgical site infection rate with topical application of vancomycin powder in patients undergoing spinal surgery. Schiavone Panni et al.[@B26] reported in their systematic review that the use of antibiotic-loaded bone cement does not reduce the rate of periprosthetic joint infection in primary total knee arthroplasty. Finally, the CDC guideline for the prevention of surgical site infection published in 2017 declares that intraoperative antimicrobial irrigation for the prevention of surgical site infection is an unresolved issue[@B27].

All the demographic characteristics between groups were similar. Mean operative time was the only surgical variable that showed difference between groups (six minutes shorter in Cef + Gen group); despite the small nominal value, this difference was statistically significant (p=0.002). Therefore, even with a mean shorter operative time, Cef + Gen group did not present a lower periprosthetic joint infection rate. We can argue from a logical point of view that this finding would reinforce the hypothesis of ineffectiveness of topical gentamicin in reducing the periprosthetic joint infection rate, since the literature shows that a shorter surgical time is associated with lower infection rates[@B28], a fact that was also observed in our data.

We also found a higher rate of periprosthetic joint infection in patients operated due to a femoral neck fracture, and the association between these two circumstances was statistically significant in Cef group and again when patients were evaluated all together. The higher incidence of periprosthetic joint infection in patients with femoral neck fracture has been previously reported by other authors[@B28] and presumably occurs due to local and systemic reactions to trauma and because these surgeries are performed on an urgent basis, when patients are frequently not in the best clinical conditions.

The study has some limitations. First, it is a retrospective study based on information collected from patients\' medical records, and therefore, depends on the accuracy of this information. Second, the groups were not evaluated for the presence of factors that could influence the periprosthetic joint infection rate, such as body mass index, associated systemic diseases (diabetes, autoimmune diseases), previous hip surgeries and physical status. Finally, the number of patients studied is relatively small.

CONCLUSION
==========

Topical application of gentamicin as used in this study did not reduce the periprosthetic joint infection rate in primary THA.
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